Polybutylcyanoacrylate nanoparticles (PBCA NPs) are candidates for a drug delivery system, which can cross the blood-brain barrier (BBB). Because little is known about their toxicity, we exposed cells to PBCA NPs in vitro and in vivo and monitored their life and death assays. PBCA NPs were fabricated with different surfactants according to the mini-emulsion technique. Viabilities of HeLa and HEK293 cells after NP incubation were quantified by analysing cellular metabolic activity (MTT-test). We then repetitively injected i.v. rhodamine-labelled PBCA NP variations into rats and monitored the survival and morphology of retrogradely labelled neurons by in vivo confocal neuroimaging (ICON) for five weeks. To test for carrier-efficacy and safety, PBCA NPs loaded with Kyotorphin were injected in rats, and a hot plate test was used to quantify analgesic effects. In vitro, we found dose-dependent cell death which was, however, only detectable at very high doses and mainly seen in the cultures incubated with NPs fabricated with the tensids SDS and Tween.
Introduction
Nanoparticles (NPs) hold the promise to be a universal tool for drug delivery into the brain. This has been a research topic for more than a decade, but unfortunately, successful pharmaceutical developments are still rare. This can be explained in part by toxicity concerns which have not been considered sufficiently.
In fact, during the recent years, we have witnessed an increasing public concern regarding the potential toxicity of NPs (De Jong and Borm 2008) , and there are ongoing international efforts to develop tests to evaluate the safety and tolerability of NPs after exposure of biological systems, and the mechanisms of action are now partially understood (SCENIHR 2006) .
The focus of these efforts has been on the possible toxicity of NPs following inhalation or food intake, and therefore predominantly lung and gastroenteral toxicities have been investigated. However, only a minority of the studies focused on brain cells. It was suggested that-in contrast to chemical toxicity, where purity and concentration are the main determinants-in the area of 'nanotoxicity' also particle size, shape, surface and charge need to be taken into account. The literature shows that NPs can cause inflammation, DNA damage and destruction of membranes and production of reactive oxygen species. However, specific hazards are associated with specific particles, i.e. DNA damage and production of reactive oxygen species are predominantly associated with metal (oxide) NPs, whereas, membrane leakage has been observed after application of polymeric NPs. To test nanotoxicity, in vitro test systems have been largely used, and the MTT-test of viability is recommended for this purpose. However, in vitro experiments may be insufficient as a strategy for testing the safety of NPs, and data regarding the correlation of in vitro and in vivo studies are entirely missing (Dhawan and Sharma 2010; Ai et al. 2011; Zhao and Castranova 2011; Elsaesser and Howard 2012; Sharma et al. 2012; Love et al. 2012; Nunes et al. 2012; Nyström and Fadeel 2012) .
As it was also shown that inhalation of NPs through the nose leads to an entry of the particles into the brain via transport along the olfactory bulb (Oberdörster et al. 2004) , an important issue is to probe the potential neurotoxic effects of NPs on the central nervous. This issue is of interest for the following reasons: (i) the unintended passage to the brain by inhalation, and (ii) the intended use of NPs to transport active agents across biological barriers (Gabathuler 2010) , especially to the retina and brain, for diagnostic and therapeutic purposes.
Yet, despite a growing effort to study NPs, the crucial issue of potential central nervous system (CNS) toxicity has not been addressed sufficiently so far. In addition to potential CNS side effects of NPs released into the environment and their unintentional inhalation, potential neurotoxicity of NPs in the nervous system is a key issue for the development of carriers which transport drugs across the blood-brain barrier (BBB). The inability of most pharmaceuticals to pass the BBB is a major challenge for drug development to treat diseases of the CNS, and NPs may offer a new solution. The WHO rates CNS diseases as the most important medical concern of this century, and so finding new drug delivery systems which are not only effective but also safe is a critical step in this effort. As we will later show, repeated exposure of rats to Polybutylcyanoacrylate nanoparticles (PBCA NPs) in vivo did not reveal toxic effects, and thus, with the doses used, they appear to be safe.
Materials and methods

Animals
Male hooded rats (CrL: LIS) were purchased from Charles River at 9-10 weeks of age and kept at a 12-h light/dark cycle, ambient temperature 24-26°C and humidity of 65 %. Food and water were available ad libitum. Narcosis was induced by i.p. injections of Ketamine (75 mg/kg) and Xylazine (10 mg/kg). The rats were randomly assigned to one of four groups: (i) ONC group (optic nerve crush after baseline imaging; for control of neuronal death detection), (ii) sham control-group (i.v application of Rhodamine123 (0.36 % in saline) every week) and two NP-groups, (iii) Tween80-group (i.v application of Tween80-Rho123-PBCA NPs every week), and (iv) Tween80-SDS-group (i.v application of Tween80-SDSRho123-PBCA NPs every week). All NP variations were injected intravenously via the tail vein with a single dose of 0.1 ml/100 g body weight using a preimplanted catheter (BD Adsyte Pro, 22 G, Heidelberg, Germany) . During the whole experiment, the behaviour, weight and appearance of the rats were monitored. At the end of the experiment, the animals underwent transcardial perfusion, and their hearts, livers, kidneys and brains were all removed, frozen at -80°C and examined after histological processing. The experimental design is shown in Fig. 1 .
For the hot plate test, Kyotorphin was used as an analgesic test substance which was injected into the tail vein of rats without narcosis using the following formulations: (i) Tween-PBCA NPs Kyotorphin (incorporated) 10 mg/kg, (ii) Tween-PBCA NPs Kyotorphin (adsorbed) 10 mg/kg or (iii) Kyotorphin alone 10 mg/kg.
In vivo confocal neuroimaging (ICON)
Labelling of retinal neurons [retinal ganglion cells (RGC)] was carried out by injecting 2 ll MiniEmerald (dextran, fluorescein and biotin; Invitrogen) into both superior colliculi. To this end, the cranium was exposed and holes drilled at the following coordinates (oriented to bregma/lambda): post. -6.9 mm, lateral 1.2 mm. The tracer (0.5 ll) was injected at each of the following depths below dura: 4.0, 3.5, 3.0 and 2.5 mm.
To follow the fate of RGC after NP application, ICON was carried out every week before the next dose of NP was applied. To this end, the eyes of anaesthetized rats were treated with Neosynephrine-POS 5 % (Ursapharm Arzneimittel GmbH, Saarbrücken, Germany) and Vidisic optical gel (Bausch & Lomb, Berlin, Germany). The rats were then fixed under a confocal scanning microscope (LSM 5 Pascal, Zeiss GmbH) with the eye positioned underneath the objective lens. A -80 dioptre plano-concave lens (KPC-013, Newport GmbH) was placed onto the cornea.
Image analysis
For morphological analysis in vivo, we defined retinal areas which, in repeated imaging, could be relocated using blood vessel morphology and followed them over the whole experiment. The number of fluorescent retinal neurons at baseline was quantified, and we observed these cells at the later data collection points. The cell soma diameters and the cell fluorescence intensity were measured with the AxioVisionRel. 4.8 programme (Zeiss, Jena) in each cell and averaged automatically for calculation. The limit between the fluorescent cells and the background was detected automatically using a grey scaling method (8 bit accuracy).
Optic nerve crush (ONC)
To induce neuronal injury, an ONC was carried out on both eyes as previously described (Sautter et al. 1991; Sautter and Sabel 1993) . To this end, a lateral canthotomy was made from the orbita following an incision of the conjunctiva lateral to the cornea. The retractor bulbi muscles were separated, and the optic nerve was exposed by blunt dissection. To crush the nerve, a calibrated forceps (Martin Instruments, Tutlingen) was used for 30 s at a distance of 2-3 mm from the eye. The jaws of forceps were set at 0.2 mm apart in 'rest-position' which produced a moderate injury. After the surgery, an antibiotic eye ointment (Aureomycin) was applied.
Cell culture
To analyse the toxicity of PBCA NPs, a cell viability test (MTT-assay) was carried out. Two different cell lines [HEK293T/17 (human kidney cells) and HeLa (human cervix epithelial adenocarcinoma cells)] were used to control for a cell line-specific reaction. 40,000 cells were cultured in a 96-well plate in DMEM for 24 h before being incubated with different NP concentrations (non-fluorescent) or with medium (DMEM) only (control). After another 24 h, the cells were washed, the negative control was incubated for 10 min with 96 % ethanol, and then incubated for 4 h with the MTT salt (0.5 ml/l). At the end of the experiment, the change of colour was analysed with a fluorometer (OPSYS MR, 560 nm).
Nanoparticle production PBCA NPs were synthesized by a mini-emulsion polymerisation process. In brief, an O/W (oil-in- Rats received an injection of the fluorescent tracer into the superior colliculus (ic). Baseline retinal imaging was performed 7 days later and directly afterwards animals were either subjected to optic nerve crush (ONC) or received an injection of a NP or Rho123 solution into the tail vein (iv). After 4 injections and 4 ICON sessions, animals were intracardially perfused, and liver, heart, kidney and brain harvested water) mini-emulsion was made from two solutions: an aqueous phase (solution I) and an oil phase (solution II). For solution I, surfactant and optional Rhodamine123 or Kyotorphin were dissolved in phosphoric acid, and soybean oil (Roth Karlsruhe) was mixed with n-Butyl-2-cyanoacrylate (BCA, Roth, Karlsruhe) monomer for solution II. Solution (I) was added to solution (II) just prior to ultrasonication. The two-phase mixture was sonicated with a Bandelin Sonopuls HD 70 sonifier (70 % amplitude) for 4 min under ice cooling. At 30 s. thereafter, the polymerisation was induced by pouring the mini-emulsion into ammonia solution with stirring using a magnetic stirrer. After 5 min, the pH was adjusted to 7.0. The resulting PBCA NP suspension was kept at 6°C under protection from light until further use in the experiment. For details see Tables 1 and 2 . The materials and the respective suppliers were nButyl-2-cyanoacrylate monomer (Henkel AG & Co.KG, Düsseldorf, Germany), Lutrol F68 (Poloxamer 188) (BASF Ludwigshafen, Germany), sodium dodecylsulfate (SDS; [99 %) (Roth, Karlsruhe, Germany), Tween80 (Polysorbate80) (Roth, Karlsruhe, Germany), soybean oil (Ph. Eur.) (Roth, Karlsruhe, Germany), Rhodamine 123 ([98 %) (Biotium), Dextran 70000 and DEAEDextran (each from Sigma, Taufkirchen, Germany), and Kyotorphin (D-Arg 2 ) from Bachem (Germany). Phosphoric acid and ammonia solution were of pure grade. All chemicals were used as received. Distilled water was used for all preparations. All NPs had a PDI \0.5 [PDI = polydispersity index, describing the variation in size].
Histological staining (HE staining)
Liver slices were left for 10 min in Mayer's Hämalaun and washed several times with distilled water and HCl-ethanol (25 % hydrochloric acid and 70 % EtOH, 1:50). Then, the slices were left for 3 min in Eosin, 2 min in distilled water, in 70, 80 and 96 % EtOH each 2 min and two times in 100 % EtOH for 5 min. For the last step, the slices were dipped in Histoclear (Roth, Karlsruhe, Germany) three times for 5 min.
Hot plate test
Analgesia was studied as a functional indicator for showing that NPs had successfully crossed the BBB. To this end, the rats were placed on a hot plate (model DS 37 socrel, 57°C), and the time until onset of licking or jumping (hot plate latency, maximum 30 s) was recorded as a measure of analgesia. The hot plate latency was determined 5, 15, 30, 45, 90, 120, 180 and 240 min after iv injection of Kyotorphin-loaded NP.
Statistic
Statistical significance was determined in SPSS 21 by a one-way ANOVA and subsequent posthoc Tukey comparison.
Results
Toxicity studies
In vitro
We found differences between cell lines regarding the sensitivity towards NP incubation. HEK cells showed a decreased viability even at lower concentrations of NPs in the medium than HeLa cells (Fig. 2) , starting already from 60 lg/ml of Lutrol-SDS NPs. In HEK cells, all NP variations led to viability values significantly below the LD 50 threshold (middle lethal dose which caused 50 % cell death) at higher concentrations. Especially, Lutrol-SDS-PBCA NPs, led to a dose-dependent damage in HeLa cultures (p \ 0.01 highly significant). Although absolute values differed between HeLa and HEK cells, the relative susceptibility towards the NP variations was consistent: NPs fabricated with Lutrol-SDS were most detrimental in both systems, and NPs produced with dextran showed the lowest toxicity. First significant differences (p \ 0.01) between the effects of NP variations on viability were observed at concentrations of 60 lg/ml in HeLa and of 40 lg/ml in HEK cells for Lutrol-SDS NPs. Using Tween80 as a tenside seems to be rather stressful for cells, but in combination with dextran, the cultures tolerated such NPs very well. Also NPs with Lutrol-Dextran and DEAEDextran exhibited a high safety margin.
In vivo
To analyse the neurotoxic effect of chronic PBCA NP exposure, we injected two different NP solutions once per week for 4 weeks; quantified survival, cell size and fluorescence intensity of the RGC; and compared the results with a negative control (trauma-induced neuronal damage) and a sham control group (injection of fluorescent dye only; no BBB passage). Throughout the whole experiment, we monitored the behaviour and the appearance of the rats during daily animal care. There was no difference in the weights of the animals amongst these four groups (Fig. 3) . During normal handling, the rats did not show any abnormal behaviour like aggression, piloerection, porphyrin discharge, hunchback posture or thigmotaxis. At the end of the experiment, the heart, liver, kidney and brain were harvested, and after histological processing, microscopic examination of the tissue was performed. In none of the organs obvious morphological abnormalities were observed. The photomicrographs of liver tissue in Fig 4 serve as an example: here, no differences in histological appearance were noted after staining between tissues from rats injected with NPs (as proven by the intensive fluorescence in the tissue) and those without NP exposure. When quantifying neuronal survival in the retina of living animals with ICON, we detected no difference in the number of RGC after NP application compared to the sham control group which received only injections of the fluorescent dye (no NPs). As expected, in the ONC group, 80 % of RGC had died by the end of the experiment (Figs. 5, 6 ), and the neuronal survival was significantly lower than in the NP-treated rats and the sham control (fluorescent dye only).
In addition, we studied the changes in soma size of the RGC bodies and cell fluorescence. Because of technical reasons, we were unable to collect data from the fourth ICON measurement for these two parameters, and due to the optic nerve lesion, there were not enough surviving neurons present to allow for quantification of This graph gives an overview of the animal's body weight during the period of the in vivo experiment. There is no significant difference between the four groups, indicating that the rats did not suffer from major health impairments average size and fluorescence intensity in the ONC animals at the ICON 3 data collection time point. Figure 7 demonstrates the decrease of soma size in all groups compared to baseline. There was no significant difference between groups at the first ICON analysis. At ICON 2, rats injected with Tween80 NP showed significantly (p \ 0.1 marginal significance) less shrinkage than rats from the other groups. ICON 3 revealed that Tween80-SDS animals were back to baseline values and different from the neuronal size of the sham control group (p \ 0.1). While, in the sham control (Rho123) and Tween-80 NP groups, the cell size was relatively stable over time, the neurons in the ONC group were shrinking, and Tween80-SDS NP-treated cells recovered normal size after a significant decrease. The significant differences in neuronal fluorescence intensity between groups and over time are shown in Fig. 8 . Control animals injected with Tween80 NP Tween80-SDS NP ONC The bar graph shows the soma size of RGCs. In general, the animals injected with NPs exhibit less soma size difference than sham-control animals (only fluorescent dye injection and no NP injection) and lesioned animals (ONC optic nerve crush) (oneway ANOVA in conjunction with posthoc tukey test *p \ 0.05) fluorescent dye only (sham control) show some significant decreases in fluorescence intensity over time. At ICON 3, we found no significant differences between NP-treated animals and the sham control. However, the temporal pattern is different: especially at ICON 2, the neurons of the NP-treated animals were more fluorescent than in sham controls. There was a steady decrease in fluorescence intensity of the ONC negative control group, which was most pronounced at ICON 2.
Analgesia study
Hot plate test
As in previous studies (Schroeder and Sabel 1996; Kreuter et al. 1995; Alyautdin et al. 1995) , we found that administration of drug loaded PBCA NPs increased pain threshold. This shows that the analgesic agent reached the brain when delivered by NPs. Kyotorphin alone, i.e. non-bound to NPs at various doses, had no analgesic effects after iv injection. The iv application of Tween80 PBCA NPs incorporated with Kyotorphin significantly enhanced hot plate latency (p \ 0.05) at 15 min after iv application compared with Kyotorphin alone (Fig. 9) . When Kyotorphin was adsorbed onto Tween-PBCA NPs, no change of analgesia could be demonstrated compared with the Kyotorphin-alone-treated rats. Interestingly, a significant enhancement (p \ 0.05) of analgesia was found at 15 min after application when NPs were incorporated with Kyotorphin compared to the adsorbed Kyotorphin, i.e. incorporation is the more effective method. 
Discussion
There is an increasing interest for using NPs as drug delivery systems over the last decade. Because the BBB is a hurdle for CNS drug development, NPs may be one method to overcome this barrier. However, the future use of NPs as drug delivery systems into the CNS requires a better understanding about their potential neurotoxicity. To investigate this issue, we have now tested NPs in cell culture systems and-as an innovative approach-used in vivo confocal neuroimaging (ICON). ICON is a unique method to analyse survival and morphology of retrogradely labelled retinal ganglion cells in living mammals (Sabel et al. 1997 , Prilloff et al. 2010 Henrich-Noack et al. 2012) . By injecting iv NPs and observing the effects of the particles on the fluorescent retinal ganglion cells, we were able to study the neurotoxicity of NPs after their passage through the blood-retina barrier (BRB) in real time for several weeks. The BRB is a valid model of the BBB which is supported by theoretical considerations and experimental data: (i) ontogenetically, the retina is CNS tissue; it is a protrusion of brain tissue during development, and retinal cells are mostly CNS neurons; (ii) the function of the BRB and BBB are very similar, if not identical, as the passages of different pharmacological active compounds are quite similar in the BBB and BRB (Steuer et al. 2004 ). (iii) It was also shown that in the retina-as in other parts of the brain-tight-junctions are present, and BRB and BBB both have the typical efflux-systems:
permeability-glycoprotein and multidrug-resistant protein (Steuer et al. 2005) . Thus, BRB is a valid BBB model with the advantage that it permits the use of the ICON method to visualise neurons in the CNS (for simplicity, we refer to the BRB as 'BBB' from here on). Cell culture models are regularly used to study nanoparticle toxicity (Hussain et al. 2005 with the assumption that they simulate adequately the in vivo situation. In a first step, we therefore tested the cytotoxic effects of PBCA NP in two cell culture systems (HeLa and HEK) using the MTT viability test. Although the MTT-assay is the most commonly used for testing nanotoxicity, false positive results have been described caused by molar extinction of the NPs (Dhawan and Sharma 2010; Sharma et al. 2012; Love et al. 2012) . However, this problem applies more to silicone NPs, graphene and carbon nanotubes, but it may not be so crucial when comparing polymeric NPs with different tensides as we did. The in vitro test permits the screening of many different NP dosages to estimate possible toxicity. HeLa cells are human cervical carcinoma cells and more robust than HEK cells which explains the difference between cell lines. Some authors recommend more sophisticated in vitro test systems (e.g. co-cultres; Love et al. 2012 ), but in our experiments, the cell culture was only used as a screening pre-test before in vivo evaluation. Therefore, there was no reason to carry out more sophisticated in vitro tests. None of our NP variations decreased cell viability compared to controls across a wide range of concentrations. However, both cell lines consistently revealed that NPs fabricated with Lutrol-SDS were-at higher concentrations-more toxic than other NP variations. As Lutrol-Dextran or Tween80-Dextran NPs, on the other hand, induced significantly less damage, we conclude that especially SDS should be avoided when producing NPs for human applications. As Tween80 has repeatedly been shown to facilitate BBB passage of PBCA NPs, it is widely used as a surfactant. Our cell culture model indicates that Tween80 NPs, however can decrease cell viability already at lower concentrations than Tween80-Dextran NPs.
Having specified the NP/tenside combinations which may be toxic when applied to biological systems, we studied different particle systems in vivo. It has been repeatedly criticised that in vitro studies alone are insufficient and that especially neurotoxicity has hardly been tested in vivo so far. This issue is crucial in the field of nanotoxicity as in nature there are no 'bare nanoparticles' and the biomolecule corona (e.g. after contact with blood) on the nanoparticle surface will be decisive for the biological (and toxicological) outcomes of nanoparticle interaction with biological systems (Elsaesser and Howard 2012; Zhao and Castranova 2011; Sharma et al. 2012; Nyström and Fadeel 2012) . Our own work (Henrich-Noack et al. 2012) and that by others (Kreuter et al. 1997 , 2002 , Weiss et al. 2007 Schroeder et al. 1998 ) demonstrated that PBCA NPs manufactured with the surfactant Tween80 can cross the BBB. We therefore fabricated NPs with Tween80, dispersed them in physiological solution and injected the NPs once per week for 4 weeks in the tail veins of the rats. In contrast to Lam et al. 2004 who reported tissue damage in mice resulting in granuloms, we did not find any general disturbances (such as weight loss) and no adverse tissue reactions in different organs were observed when assessing the morphology with standard histological analysis. Moreover, we could not detect any neuronal death over a period of 4 weeks when quantifying neuronal survival with in vivo imaging. Using ICON, we repeatedly followed the fate of single neurons in vivo over time. The ICON test, which is very sensitive to reveal neuronal cell death even of single cells, strongly indicates that PBCA NPs-even with Tween80 coating-are safe and can be used as drug carriers in mammals. We did not observe a single cell dying in vivo in response to NP exposure.
However, there are some interesting details when looking at the ICON results regarding the morphology of the neurons. In control animals (receiving only the fluorescent dye, no BBB passage), the average cell size of the retrogradely labelled retinal ganglion cells appeared to become smaller after baseline measurement, but the soma diameter remained stable over time. As expected, RGCs in animals subjected to ONC are larger soon after the lesion (ICON 1; swelling) but then shrink (ICON 2) before they disappear (ICON 3) (Henrich-Noack et al. 2013 ). The neurons of rats which received NP injections are, interestingly, on average larger than neurons in control animals without NP injections. This non-lethal swelling may be due to (i) slight osmotic dysregulation due to stress (cellular oedema) or (ii) due to increased activity/swelling of lysosomes. Ku et al. 2010 have shown that polymeric NPs can be located within neurons, and NPs may colocalise with lysosomes and induce significant dilatation (Fröhlich 2012) which may be the cause of increased soma size.
We also quantified the fluorescence intensity of the retinal neurons, and our findings are also in line with the assumption that the PBCA NPs are non-toxic. In lesioned animals, the fluorescence intensity decreases over time, probably due to degeneration-induced membrane leakage of the damaged retinal ganglion cells. Fluorescence intensity of the control animals' (no NP injection) neurons also decreases over time albeit less than that in damaged neurons. NP-injected animals show the same fluorescence intensity of retinal ganglion cells as the control animals during the last measurement time point (ICON 3). This indicates that there are no membrane disruption and no leakage of dye from neurons after NP exposure. This is an important finding as there have been concerns that NPs, especially polymeric NPs, may damage membranes and disrupt barriers (Elsaesser and Howard 2012; Sharma et al. 2012; Nunes et al. 2012; Nyström and Fadeel 2012) . In this respect, our results are rather reassuring as they indicate that there are no holes in the cells, and PBCA NPs can be safely applied in biological systems. The reason for the higher values of neuronal fluorescence intensities measured at ICON 2 for animals injected with NPs is unclear. We hypothesise that either there are some differences in intracellular pH (fluorescence intensity of fluorescein dextran is ph-dependent) or the accumulation of NPs in lysosomes competes with the cellular processing of the fluorescent dye.
In an additional experiment, we tested whether NPs-in the concentration range tested for toxic effects-can carry sufficient amount of a drug into the brain to induce pharmacological effects. To this end, we fabricated PBCA NPs to which Kyotorphin was incorporated or adsorbed, injected them into the rat's tail vein and monitored the analgesic latency with the hot plate paradigm. We found that administration of Tween80 PBCA NPs with incorporated Kyotorphin showed a significant analgesic activity in this behavioural test. This result confirms that PBCA NPs in nontoxic concentrations can be used as drug carriers for CNS applications. However, our findings are at first glance partially in contrast to prior observation by others Kreuter et al. 1995; Schroeder and Sabel 1996) who showed analgesic effects of PBCA NPs with adsorbed drugs. However, in our experiments, the formulation with adsorbed Kyotorphin had no effect whatsoever. This difference may be explained by the variations in the production protocols. Moreover, in our former work, we also detected that PBCA NPs deliver adsorbed fluorescent dyes with much lower efficiency into the brain than those with incorporated fluorescent dyes (not shown).
In summary, we demonstrated that in vivo PBCA NPs do not induce neuronal death in pharmacologically effective concentrations, even when coated with surfactants that are adverse to viability in cell cultures. From these in vivo observations, we conclude that PBCA NPs are a non-toxic tool for drug delivery into the CNS.
